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ABSTRACT The two main heme proteins,
hemoglobin and myoglobin, are important factors deter-
mining meat quality aspects such as color and hemor-
rhage. The extent of hemorrhage in muscle tissue can
probably be determined by measuring the hemoglobin
content. The objective of this study was twofold: 1) to
develop a specific and reproducible method to quantify
the hemoglobin and myoglobin content in muscle tissue
of broiler chickens, and 2) to study the effect of
hemorrhage on the hemoglobin content in muscle tissue.
We tested several methods to determine the total heme,
hemoglobin, and myoglobin content in broiler chicken
muscles on their specificity, sensitivity, and reproduci-
bility. Methods based on immunological techniques
appeared to be very specific and sensitive. The results
obtained applying these methods on muscle tissue
extracts were, however, not reproducible due to concen-
tration effects. A combination of spectrophotometric
analysis of the total heme protein concentration and
measurement of the myoglobin concentration, applying
size exclusion chromatography, proved to be a reliable
and reproducible method to determine the hemoglobin
and myoglobin content in chicken muscles. The total
heme, hemoglobin, and myoglobin contents were
related to muscle type. Extensive hemorrhage increased
the hemoglobin content.
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INTRODUCTION
Hemoglobin and myoglobin are important factors
determining meat quality. These factors affect the color
of meat and can cause undesirable discoloration when
they exudate from muscle tissue or extravasate from the
circulatory system. Bruises, hemorrhages, and post-
mortem blood effluences are considered to be major
quality defects (Griffiths and Nairn, 1984). In order to
investigate meat quality aspects determined by heme
proteins, it is necessary to quantify these proteins.
Hemoglobin and myoglobin are heme proteins. They
contain heme groups, i.e., prosthetic groups of iron-
containing porphyrines that are able to bind oxygen and
that give the heme proteins their typical color.
Hemoglobin is composed of four subunits. Each subunit
consists of a globular protein that has within its core a
heme group. Myoglobin is a monomeric protein that
resembles hemoglobin subunits in tertiary structure and
molecular mass. Hemoglobin subunits differ from each
other and from myoglobin in their primary structure,
i.e., the amino-acid sequence (Mathews and Van Holde,
1990). In the adult chicken, there are two main forms of
hemoglobin, definitive (D) and adult (A) hemoglobin,
and two main myoglobin charge isomers (Moss and
Hamilton, 1974; Nishida, 1981; Freeman, 1984). For
accurate measurement of the hemoglobin and my-
oglobin content in muscle tissue, the two main
hemoglobin forms and all myoglobin charge isomers
have to be quantified.
Several methods have been described to measure the
content of hemoglobin and myoglobin in muscle tissue.
The methods are based on the physical, biochemical, and
immunological properties of the proteins and the heme
groups. Hemoglobin and myoglobin can be measured
by methods specifically quantifying each protein or,
after separation of the proteins, by quantifying heme.
The two heme proteins can be distinguished and
quantified on basis of subtle differences in absorbance
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spectrum, after they have been derivatized or by
applying immunological techniques (Pages and Planas,
1983; Nishida and Nishida, 1985; Niewiarowicz et al.,
1986; Fleming et al., 1991). The specificity of spectral
analysis, however, is low (O'Brien et al., 1992a).
Turbidity of extracts, especially from chicken muscles,
can cause additional problems in analyzing the spectra
(Goldbloom and Duane Brown, 1966; Saffle, 1973).
Commercially available immunological assays for my-
oglobin have been developed that are used diagnosti-
cally in humans. Antigenicity of heme proteins from
chickens is likely to be different from that of humans
and other mammals, due to the marked differences in
primary structure of the proteins between the species
(Paul et al., 1974; Deconinck, et al., 1975; Kleinschmidt
and Sgouros, 1987). Consequently, immunological as-
says can best be performed with antibodies raised
against chicken hemoglobin and myoglobin, recognizing
all their forms and isomers.
Several methods have been described to separate and
subsequently quantify hemoglobin and myoglobin by
measuring the heme content or protein concentration.
These methods are based on differential precipitation of
hemoglobin with ammonium sulfate (Nishida and
Nishida, 1985; O'Brien et al., 1992b) or lead acetate
(Rickansrud and Henrickson, 1967), or on separation by
hydrophobic interaction chromatography (Oellingrath et
al., 1990; Han et al., 1994), size exclusion chromatogra-
phy (Berman and Kench, 1963; BuÈ nnig and Hamm, 1974;
Warriss, 1976, 1978; Han et al., 1994), ion-exchange
chromatography (Oellingrath et al., 1990), or polyacryla-
mide gel electrophoresis (Hofmann and BluÈ chel, 1991).
Most of these methods have been developed for
mammalian species. Size exclusion chromatography, for
example, has been successfully applied determining the
hemoglobin and myoglobin content in mammalian
muscles (Warriss, 1976, 1978), but not in chicken muscles
(Han et al., 1994).
The objective of this study was to develop a specific
and reproducible method to quantify the hemoglobin
and myoglobin content in muscle tissue of broiler
chickens, and to study the effect of hemorrhage on the
hemoglobin content. Comparative data are presented on
specificity and reproducibility of several methods for
determining the hemoglobin and myoglobin content in
chicken muscle tissue. In addition, preliminary results
are given on the effects of different types of hemorrhage
on the hemoglobin content in muscles.
MATERIALS AND METHODS
Muscle Tissue Sampling
Six-week-old Ross broiler chickens (Gallus gallus domes-
ticus) were stunned either electrically or mechanically
(using a captive bolt stunning device). Subsequently, they
were killed by venesection of the jugular vein. Samples of
about 1 g were taken immediately from the Pectoralis
superficialis, Pectineus ambiens, Adductor pars interna, Sar-
torius, and from the ventricular muscles of the heart. The
samples were frozen in liquid nitrogen and stored at ±80
C.
Heme Protein Extraction
Frozen muscles samples were pulverized in Teflon
capsules cooled with liquid nitrogen, using a Retsch
homogenizer.2 Heme protein extraction was performed
essentially according to Wittenberg and Wittenberg (1981)
and O'Brien et al. (1992b). Tissue powder was suspended
in extraction buffer containing 10 mM Tris (hydroxy-
methyl)-aminomethane, 1 mM EDTA, pH 8.0, either with
80 mM KCl (TEKCl) or without KCl (TE), at a wt/vol ratio
of 1:9.25, for 0.5 h on ice. The suspension was centrifuged
for 30 min at 1,600 × g, at 4 C. The sediment was
resuspended in extraction buffer, at a wt/vol ratio of 1:5
(30 min on ice) and centrifuged. Both supernatants were
pooled. Fat was removed by filtration through glass wool.
Cell organelles were removed by centrifugation at 100,000
× g for 30 min at 4 C. Cytochromes were considered to
precipitate with the mitochondria.
Total Heme Determination
The method of Drabkin (1950) was adapted for heme
determination in muscle extracts. Heme proteins were
oxidized by adding 100 mL of a solution containing 60 mM
K3Fe(III)(CN)6 and 80 mM NaCN to 900 mL extract. Total
heme protein concentration was calculated from the
absorbance at 540 and 700 nm (correction for sample
turbidity):
[H] = (A540nm ± A700nm) × D/e × d
where [H] = heme protein concentration (moles per liter);
d = light path (1 cm); D = dilution factor; e = molar
extinction coefficient at 540 nm: 11,300 (liters per cen-
timeter per mole). The heme content in muscle tissue was
calculated from the heme concentration:
H = [H] × Mw × V/W
where H = heme content in muscle tissue (milligrams per
gram); Mw = molecular mass of heme protein (17,000 g/
mol); V = muscle extract volume (liters); and W = wet
weight (grams) of muscle sample.
Purification of Chicken Myoglobin
and Hemoglobin
Myoglobin was extracted from gizzard muscle tissue.
Fat and connective tissue were removed and the muscle
tissue was homogenized in TE buffer using a Polytron
homogenizer (wt/vol ratio = 1:10). The suspension was
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centrifuged (15 min, 1,500 × g, 4 C). The supernatant was
filtered through a nylon filter and subjected to (NH4)2SO4
precipitation (90%, pH 8.0, 20 C). After centrifugation (15
min, 1,500 × g, 4 C), the supernatant was filtered through
glass wool and separated on a Phenyl Superose H5/5
column.3 The proteins were loaded on the column in
equilibration buffer (2 M (NH4)2SO4 in TE buffer, pH 8.0)
and eluted with a continuous (NH4)2SO4 gradient (2 to 0
M).
Hemoglobin was obtained from chicken hemolysate.
Blood was collected in 50-mL tubes containing 250 IU
heparin and centrifuged (5 min, 1,500 × g, 4 C). Plasma and
leukocytes were removed. The erythrocytes were washed
twice with 0.85% NaCl and subsequently lysed with 2 vol
cold deionized water. After 5 min, KCl was added to a
concentration of 0.17 M to prevent lysis of nuclei. The
lysate was centrifuged at 100,000 × g (1 h, 4 C) and
subjected to hydrophobic interaction chromatography
using the Phenyl Superose H5/5 column. The supernatant
was diluted in 1 vol TE buffer containing 4 M (NH4)2SO4,
and loaded on the column. Elution was carried out as
described above. Heme protein purity was assessed by
SDS-PAGE.
Electrophoresis and Protein Blotting
The SDS-PAGE was performed on homogeneous 20%
polyacrylamide gels on the Phast System.3 Samples were
diluted and heated in sample buffer [10 mM Tris buffer
containing 1 mM EDTA, pH 8.0, 10% SDS, 50 mM
1,4-dithiothreitol, and 0.01% (wt/vol) bromophenol blue].
Separation time was 110 Vh. Native gel-electrophoresis
was performed on 8 to 25% polyacrylamide gradient gels.
Samples were diluted in 90 mM Tris, 80 mM boric acid
buffer, pH 8.4, with 0.01% bromophenol blue as tracer
dye. Separation time was 190 Vh. Protein blotting was
performed using the PhastTransfer system.3 Proteins
were transferred to reinforced BAS83 nitro-cellulose
membranes4 for 10 min at 25 mA. Protein blots were either
stained for protein, according to the AuroDye forte
protocol,5 or subjected to immunodetection (see im-
munoassays).
Production of Antisera against Chicken
Myoglobin and Hemoglobin
Male New Zealand White rabbits were injected in-
tracutaneously with either 460 mg myoglobin or 160 mg
hemoglobin in complete Freund's adjuvants. Boosts were
performed 28 and 58 d after primary immunization,
injecting subcutaneously the same amounts of heme
protein with incomplete Freund's adjuvants. The rabbits
were exsanguinated 11 d after the second boost. Blood
samples were collected, and left overnight to coagulate.
Immunoglobulin G was isolated from the sera using a
Protein A-Superose HR 10/2 column.3 After binding in 10
mM K phosphate buffer pH 7.4, IgG was eluted from the
column with 100 mM glycine-HCl, pH 2.8. The eluent was
dialyzed against deionized water, concentrated, and
stored as a 30% glycerol solution at ±80 C.
Assay of Protein
Total protein concentration was determined according
to the protocol of the bicinchoninic acid (BCA) protein
assay.6
Immunoassays
The ELISA was performed in Greiner 96-well, high
bond EIA plates.7 Rabbit anti-chicken-myoglobin and
-hemoglobin antibodies were used as primary, goat anti-
rabbit IgG conjugated to alkaline phosphatase8 as secon-
dary antibodies. Para-Nitro-phenyl-phosphate (p-NPP)
diluted in 0.2 M Tris buffer at a concentration of 1 mg/mL
was used as substrate for the alkaline phosphatase,
according to the Sigma Fast protocol.9 Absorbance was
measured at 405 nm in a microtiter plate reader.
Dot blotting was performed on reinforced BAS83 nitro-
cellulose membranes. Samples were blotted using the
Easy-Titer enzyme linked immunofiltration assay sys-
tem.6 Dots were punched out of the membrane and
incubated with 50 mM Tris, 0.85 NaCl, pH 7.5 buffer (TBS)
containing 0.1% Tween 20 and 1% BSA. Immunodetection
was similar to ELISA.
Myoglobin and hemoglobin were detected immuno-
logically on protein blots either according to the Tropix,
Western Light Chemiluminescent Detection System
protocol10 or according to the SigmaFast protocol,9
using BCIP/NBT tablets9 as substrate. For the
chemiluminescent assay, anti-myoglobin and anti-
hemoglobin antibodies were diluted 1,000× and 800×,
respectively. Secondary antibody was 5,000× diluted.
Chemiluminiscence was detected with Kodak X-omat S
films.11 For the Sigma Fast assay, membranes were
blocked with 10% normal goat serum in TBS. Primary and
secondary antibodies were diluted 400× and 2,000×,
respectively, in TBS containing 0.1% Tween 20 and 1%
BSA.
Antibody Reactivity and Specificity
The antibody titer is defined as the reciprocal of the
dilution of the blood serum at which an absorbance of 1 is
reached, performing an ELISA as described. Specificity of
antibodies was determined on protein blots containing
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FIGURE 1. Specificity of rabbit anti-chicken hemoglobin and myoglobin antibodies tested on protein blots of SDS polyacrylamide gels. Left: stained
for protein (AuroDye forte), numbers on the right refer to the Mr (× 1,000); lane 1, molecular mass markers; lane 2, hemoglobin; lane 3, heart muscle
extract; lane 4, myoglobin. Middle: incubated with anti-hemoglobin; Hb = hemoglobin monomers, Hb* = hemoglobin dimers; lane 1, hemoglobin; lane
2, heart muscle extract; lane 3, myoglobin. Right: incubated with anti-myoglobin, Mb = myoglobin (for lanes see blot 2). Immunodetection was
performed according to the Sigma Fast protocol for BCIP/NBT.
12Millipore B. V., NL-47-870 AD, Etten-Leur, The Netherlands.
heart muscle extract separated by SDS-PAGE. Reactivity
against charge isomers was tested on blots from native
gels containing hemolysate and purified myoglobin from
gizzard extract.
Size Exclusion Chromatography
Size exclusion chromatography was performed on the
Fast Protein Liquid Chromatography (FPLC) system,3
using a Superdex 75 HR 10/30 column3 with a separation
range of 3 to 70 kDa. Absorbance was measured at 280 nm
(total protein profile) and 405 nm (heme protein profile).
The column was calibrated using molecular mass marker
proteins9 on basis of the partition coefficient designated
Kav (Stellwagen, 1985). Samples containing heme pig-
ments were filtered through a 0.22-mm Milex-GV filter,12
and subsequently oxidized as described for total heme
determination. Chromatography was carried out at flow
rates of 0.7 to 1.0 mL/min, with TBS as elution buffer.
Hemorrhage Typing
Muscles were selected for the presence of hemorrhages.
Muscles with a sanguineous appearance were judged to
be blood-stained. Occurrence of hemorrhages was typi-
fied according to presence of: petechiae (pin-point like
hemorrhages), striae (small striated hemorrhages), or
ecchymosis (blood spots of several square millimeters).
RESULTS
Purification of Myoglobin and
Hemoglobin and Characterization
of their Antibodies
Chromatography of gizzard tissue extract containing
myoglobin resulted in a tangible and a diffuse peak, both
containing pure myoglobin as determined by SDS-PAGE.
Chromatograms of hemolysate showed a major and a
minor peak, both containing purified hemoglobin (not
shown). Myoglobin from the tangible peak and
hemoglobin from the major peak were used to raise
antibodies in rabbits. Titers of antibodies raised against
chicken hemoglobin and myoglobin in rabbits, as deter-
mined by ELISA, were 10,000 for anti-hemoglobin and
40,000 for anti-myoglobin. Purification of IgG did not
affect immunoreactivity. The specificity of anti-
hemoglobin and anti-myoglobin antibodies was ascer-
tained on protein blots containing heart muscle proteins,
hemolysate and purified myoglobin, separated by SDS-
PAGE (Figure 1). Anti-hemoglobin antibodies recognized
two bands in the lanes containing hemoglobin and heart
muscle proteins, respectively (Figure 1, blot 2). The bands
represent the monomeric and dimeric form of hemoglobin
(Mr = 14,500 and 28,000). Anti-myoglobin recognized one
band in the lane with heart muscle proteins (Figure 1, blot
3). This band co-migrated with purified myoglobin.
Anti-hemoglobin antibodies recognized two bands on
blots containing hemolysate proteins separated by native
electrophoresis, representing adult (A) and definitive (D)
hemoglobin (Figure 2, blot 1). Anti-myoglobin antibodies
reacted with two bands on blots containing purified
gizzard myoglobin after native electrophoresis (Figure 2,
blot 2). These bands represent the two main chicken
myoglobin charge isomers sMbI and sMbII.
Immunological Data
ELISA. Several types of ELISA were applied to
determine the myoglobin and hemoglobin concentration
in muscle extracts. The detection limits of myoglobin and
hemoglobin performing an indirect ELISA, were 3 and 30
ng, respectively. Heme protein binding to the microtiter
plates was influenced by nonheme proteins in the muscle
extract. At total protein concentrations exceeding 1.5 mg/
mL, hemoglobin and myoglobin adherence was totally
impeded. Dilution of tissue extract caused an increase of
the observed myoglobin content.
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FIGURE 2. Immunoreactivity of rabbit anti-chicken hemoglobin and
rabbit anti-chicken myoglobin antibodies tested on blots from native
polyacrylamide gels containing hemoglobin from hemolysate (left) and
purified gizzard myoglobin (right). HbA and HbD = adult and definitive
form of chicken hemoglobin; sMbI and sMbII: two main charge isomers
of chicken myoglobin. + = anode; ± = cathode. Immunodetection was
performed according to the Tropix, Western Light Chemiluminiscent
Detection System protocol.
FIGURE 3. Ammonium sulfate precipitation of Adductor muscle
extract. Extract was precipitated with 40, 50, or 60% (NH4)2SO4, at pH 8.0.
The soluble fraction (S) and the precipitate (P) were subjected to SDS-
PAGE and protein blotting. The blot was incubated with rabbit anti-
myoglobin IgG. Immunodetection was performed according to the
Tropix, Western Light Chemiluminiscent Detection System protocol.
In order to reduce the nonheme protein content of
muscle extracts, gizzard tissue extract was subjected to
(NH4)2SO4 precipitation. At a (NH4)2SO4 concentration of
40% (pH 8.0) the total protein concentration was reduced
by 27%. Under these conditions, all myoglobin remained
dissolved, whereas hemoglobin precipitated partially.
Myoglobin concentrations measured after (NH4)2SO4
precipitation were three times higher than without
precipitation. Observed myoglobin concentrations were,
however, still affected by the concentration of the extract.
To circumvent difficulties encountered in the binding
of heme protein in muscle extract to the polystyrene wells,
competition assays were performed in which heme
protein from muscle extract had to compete with
immobilized purified heme protein for the binding of
antibodies. Myoglobin in muscle extract was only able to
compete with bound myoglobin at concentrations higher
than 3 mg/mL, whereas hemoglobin could not compete at
all with its immobilized form. As an alternative, an
antigen capture immunoassay was performed. For this,
binding of hemoglobin in a concentration range of 0.6 to
150 ng/mL to immobilized anti-hemoglobin IgG was
evaluated. The anti-hemoglobin IgG was not able to bind
dissolved hemoglobin.
Immunoblotting. Nitrocellulose membranes have a
much higher protein binding capacity than polystyrene
plates. We tested them as solid phase for immunoassays.
Recoveries of purified hemoglobin added to gizzard
muscle extract were studied by dot blotting, those of
myoglobin by immunoblotting after SDS-PAGE. Recover-
ies of hemoglobin were lower than 55%. Hemoglobin
levels observed in tissue extract were affected by tissue
extract dilution. Myoglobin amounts and recoveries
measured in gizzard extract were also dependent on
extract dilution.
Differential Heme Protein Precipitation
Hemoglobin and myoglobin can be quantified on basis
of their heme group after they have been separated. The
two proteins differ with respect to solubility and molecu-
lar mass. Therefore, we tried to separate them by
differential precipitation and size exclusion chromatogra-
phy. Proteins of Adductor muscle extract were precipitated
at 40, 50, 60, 70 and 80% (NH4)2SO4 (pH 8.0). At 40%
(NH4)2SO4 hemoglobin precipitated only partially,
whereas at 80% (NH4)2SO4 it precipitated almost com-
pletely. Myoglobin started to precipitate at 50%
(NH4)2SO4 as shown by immunoblots of supernatants and
precipitates (Figure 3). To improve hemoglobin precipita-
tion, heat denaturation prior to precipitation with 40%
(NH4)2SO4 was performed. By heating gizzard extract at
pH 8.0, for 30 min at 65 C, almost all hemoglobin could be
precipitated. Under these conditions, however, considera-
ble amounts of myoglobin precipitated as well.
Size Exclusion Chromatography
Purified chicken myoglobin and hemoglobin were
separately subjected to size exclusion chromatography. A
compilation of both chromatograms is shown in Figure 4.
Kav for hemoglobin was 0.347, that for myoglobin was
0.456. The derived Mr for myoglobin was 19,600 and for
hemoglobin it was 28,800. Hemoglobin and myoglobin of
an Adductor muscle extract were identified in a total
protein (280 nm) profile subjecting collected fractions to
indirect ELISA (Figure 5). Peak 4 of the 280-nm profile had
a high immunoreactivity for hemoglobin. Peak 5 dis-
played immunoreactivity with both anti-myoglobin and
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FIGURE 4. Compilation of size exclusion chromatograms of purified chicken hemoglobin (5 mg) and myoglobin (5 mg), measured at 405 nm. mAU =
milli absorbance units.
FIGURE 5. Identification of myoglobin and hemoglobin in size exclusion chromatography profiles of Adductor muscle extract, obtained with TE
buffer. Absorbance was measured at 405 nm and 280 nm (left Y-axis). Hb, Mb: area displaying immunoreactivity to anti-hemoglobin or anti-myoglobin
antibodies, respectively, as determined by ELISA. The height of the bars represents an estimation of the heme protein concentration based on the
immune reactivity against purified hemoglobin and myoglobin within the ELISA (right Y-axis).
anti-hemoglobin antibodies, indicating that some
hemoglobin eluted simultaneously with myoglobin. In the
heme (405 nm) profile, two peaks appeared (Figure 5). The
Kav values of the first (0.353) and second peak (0.457) were
the same as for peaks 4 and 5 of the 280 nm profile and the
peaks of the chromatograms of purified hemoglobin and
myoglobin. The first peak of the heme profile of the
adductor muscle extract (Kav= 0.353) consists of
hemoglobin and the second peak (Kav = 0.457)
predominantly of myoglobin.
Amounts of hemoglobin and myoglobin in the range of
1 to 15 mg were subjected to size exclusion chromatogra-
phy to establish calibration curves. The amount of heme
protein was linearly related to the absorbance at 405 nm
(peak height) (Figure 6). Myoglobin peaks had higher
absorbance levels than hemoglobin peaks, due to their
more steep and narrow form. Peak surface areas were
essentially the same. The detection limit for hemoglobin
and myoglobin was estimated to be about 2 mg/mL.
Efficacy of Heme Protein Extraction
from Muscle Tissue
The TE buffer extracted only about 65% of the total
heme protein from Adductor muscle. All the heme protein
could be extracted by adding 80 mM KCl to the extraction
buffer. Especially, extraction of hemoglobin was im-
proved (Figure 7). The ratio of myoglobin extracted from
Adductor muscle with TE and TEKCl buffers was 1.03 ±
0.12 (n = 7). Using TEKCl buffer, a third peak appeared at a
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FIGURE 6. Calibration curves of myoglobin and hemoglobin.
Calibration curves of myoglobin and hemoglobin are based on
absorbance at 405 nm (peak height) of size exclusion chromatograms.
Bars represent SD (n = 3).
FIGURE 7. Size exclusion chromatograms of Adductor muscle
extracts obtained with either TE or TEKCl buffer. Absorbance was
measured at 405 nm. Peak 1, hemoglobin dimers; peak 2, myoglobin;
peak 3, hemoglobin monomers.
TABLE 1. Total heme, myoglobin, and hemoglobin
content in chicken muscles1
a±ePer parameter, means with no common superscript differ
significantly as analyzed by t test (P < 0.05).
1Values are means ± SD of the numbers (n) of samples indicated.
ND = not detectable.
Muscle n Total heme Hemoglobin Myoglobin
(mg/g)
Heart 9 3.75 ± 0.64a 2.67 ± 0.65a 1.08 ± 0.41a
Adductor 8 1.39 ± 0.31b 0.83 ± 0.21b 0.56 ± 0.17b
Pectineus 8 0.10 ± 0.04e 0.09 ± 0.04d 0.01 ± 0.00c
Sartorius 6 0.79 ± 0.12c 0.67 ± 0.11b 0.12 ± 0.02d
Pectoralis 10 0.24 ± 0.04d 0.24 ± 0.04c ND
TABLE 2. Hemoglobin content in muscles with
different types of hemorrhages
Muscle Hemorrhage type Hemoglobin content
(mg/g)
Heart Blood-stained 4.61
Sartorius Striae 0.88
Striae/petechiae 0.60
Striae 0.78
Blood-stained 1.38
Adductor Ecchymosis 9.95
Ecchymosis 6.50
Pectineus Blood-stained 0.12
Kav of 0.534, representing a Mr of 15,000 (Figure 7),
consisting of hemoglobin dissociated into monomers. This
peak complicated hemoglobin and myoglobin measure-
ment. Myoglobin levels, therefore, were determined in TE
buffer extracts. Hemoglobin concentrations were calcu-
lated by subtracting myoglobin from total heme protein
levels.
Recovery Studies
Recoveries of total heme protein, i.e., the sum of the
myoglobin and hemoglobin concentration determined by
size exclusion chromatography as a percentage of the total
heme protein concentration determined by the method
according to Drabkin (1950), were 85.1 ± 10.7% for heart
tissue extracts (n = 6) and 82.3 ± 10.6% for Adductor muscle
extracts (n = 9). Spike recoveries were determined adding
5, 15, 25, or 50 mg purified myoglobin or 5, 15, or 25 mg
purified hemoglobin to 1 mL diluted heart muscle extract
(measurements in triplicate). Spike recoveries of my-
oglobin as determined by size exclusion chromatography
were 98.0 ± 1.4%. Spike recoveries of hemoglobin as
determined by total heme protein measurements were
95.2 ± 8.0%. Peak height of myoglobin was independent of
the amount of hemoglobin added and vice versa.
Myoglobin and Hemoglobin Content in
Heart and Skeletal Muscles of Broilers
The myoglobin and hemoglobin content in various
muscles as determined by the combination of total heme
determination and size exclusion chromatography, are
presented in Table 1. Contents were much higher in heart
muscle than in skeletal muscles. The myoglobin content in
the P. superficialis muscle was below the detection level.
The hemoglobin content in muscles with different types of
hemorrhage is presented in Table 2. It was high in muscles
with extensive hemorrhage (blood-stained or ecchymo-
sis), as compared to hemorrhage-free muscles. The
hemoglobin content of muscles with small hemorrhages
(petechiae and striae) was comparable to that of
hemorrhage-free muscles.
DISCUSSION
Several immunological and biochemical methods
were investigated to accurately determine the
hemoglobin and myoglobin content in chicken muscles.
The polyclonal antibodies used for the immunological
methods were specific for each antigen. They recognized
the two main chicken myoglobin isomers, specified as
sMbI and sMbII (Nishida, 1981), respectively the two
main hemoglobins present in 6-wk-old-chickens, D and
A hemoglobin (Lynne Brown and Ingram, 1974; Moss
and Hamilton, 1974). Because hemoglobin and my-
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TABLE 3. Comparative data on total heme, hemoglobin and myoglobin content in chicken muscles
126-wk-old adult hens.
26-wk-old layer.
311-d-old broilers.
4Ice-slush-chilled carcasses.
5Air-chilled carcasses.
6Females.
7Males.
8Isobestic analysis (525 nm).
9Cyanometheme derivatives, measured at 540 nm.
10Analysis of absorbance of CO-heme, measured at two wavelengths, as described by Reynafarje (1963).
11Immunodiffusion analysis (Nishida, 1981).
12Differential (NH4)2SO4 precipitation (O'Brien et al., 1992a,b); NH: Gallus gallus domesticus, New Hampshire strain.
Chicken Total Literature
Muscle type heme Hemoglobin Myoglobin reference
(mg/g)
Breast Broiler 0.518 0.1210 0.3110 Niewiarowicz, et al., 1986
Pectoralis profundus Broiler 0.324,9/0.445,9 0.174,10/0.285,10 0.154,10/0.165,10 Fleming et al., 1991
Broiler 0.469/0.518 Pikul et al., 1982
Broiler 0.019 Saffle, 1973
Adult1 0.086,9/0.097,9 Saffle, 1973
? 0.8410 Enoki et al., 1988
NH 1.0510 Pages and Planas, 1983
Pectoralis superficiales or profundus Layer 011 Nishida and Nishida, 1985
Leg/Thigh Broiler 1.838 0.5810 1.1710 Niewiarowicz, et al., 1986
Biceps femoris Broiler 0.594,9/0.795,9 0.384,10/0.485,10 0.214,10/0.305,10 Fleming et al., 1991
Broiler 1779/1.838 Pikul et al., 1982
Broiler 0.399 Saffle, 1973
Adult1 1.126,9/1.517,9 Saffle, 1973
NH 1.4110 Pages and Planas, 1983
Young layer2 0.3311 Nishida and Nishida, 1985
Sartorius Adult layer 2.5311 Nishida and Nishida, 1985
Adductor magnus Adult layer 4.4411 Nishida and Nishida, 1985
Adductor longus Adult layer 5.8211 Nishida and Nishida, 1985
Heart Broiler3 10.89 0.10912 0.046,12 O'Brien et al., 1992a
Broiler 10.912 0.04412 O'Brien et al., 1992b
Broiler 3.659 Saffle, 1973
NH 1.3410 Pages and Planas, 1983
Young layer2 1.5111 Nishida and Nishida, 1985
Adult layer 3.6311 Nishida and Nishida, 1985
oglobin content measurements were influenced by the
total protein concentration in the muscle extract, in all
immunoassays studied, an accurate, reproducible quan-
tification of these proteins in chicken muscle was not
possible using the antibodies specified in this study.
In contrast to Han et al. (1994), we were able to
separate chicken hemoglobin and myoglobin by size
exclusion chromatography. The relative molecular mass
of hemoglobin as derived from its Kav, which was about
29,000, indicated that hemoglobin had been fully
dissociated into dimers. Because the bond between the
a-b subunits is much stronger than between both a and
b subunits (Mathews and Van Holde, 1990), the dimers
probably consisted of an a and a b subunit. Myoglobin
eluted from the column at a Kav corresponding with a
relative molecular mass close to 18 kDa, the molecular
mass of chicken myoglobin (Goldbloom and Duane
Brown, 1971). Peak height was linearly related to the
concentration of oxidized hemoglobin and myoglobin. A
similar linear relation between heme protein concentra-
tion and peak height was found for ovine myoglobin
(Warriss, 1976).
Hemoglobin and myoglobin differed with respect to
extractibility from muscle tissue. Extractibility of
hemoglobin depended on the salt concentration of the
buffer used, whereas that of myoglobin did not.
Addition of KCl to the extraction buffer, necessary to
extract all hemoglobin, caused partial dissociation of
hemoglobin into monomers, complicating hemoglobin
measurement by size exclusion chromatography. There-
fore, hemoglobin concentrations had to be calculated by
subtracting myoglobin from total heme protein levels.
The total heme concentration determined by size
exclusion chromatography was about 15% lower than
that determined by the method of Drabkin (1950). For
the latter method, absorbance due to turbidity was
somewhat higher at the wavelength measured (540 nm)
than at 700 nm, the wavelength at which background
measurements were performed (Goldbloom and Duane
Brown, 1966). Consequently, total heme content must
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have been slightly overestimated. Spike recoveries of
hemoglobin and myoglobin as determined by total heme
protein measurements and size exclusion chromatogra-
phy were close to 100%. Although separation of
hemoglobin and myoglobin performed by size exclusion
chromatography was not at base line level, peaks did
not affect each other with respect to peak height. It is
concluded that size exclusion chromatography in combi-
nation with total heme determination is an accurate
method of quantifying myoglobin and hemoglobin in
chicken muscle extract.
Myoglobin and hemoglobin levels were lowest in the
glycolytic muscles, Pectineus and P. superficialis, and
highest in the oxidative Adductor muscle and the heart.
The mixed type (glycolytic-oxidative) Sartorius and the
oxidative Adductor differed considerably with respect to
their myoglobin level, in accordance with the difference
in muscle type (Crow and Stockdale, 1986; Sams and
Jankey, 1990). Hemoglobin levels, however, were essen-
tially the same. The results clearly indicate that heme
protein levels, especially myoglobin, correlate with
muscle fiber composition.
Total heme content in the different muscles as
presented in our study is in accordance with literature
(Table 3). Similar to Nishida and Nishida (1985), we
were not able to detect any myoglobin in the P.
superficialis muscle. Myoglobin levels of breast muscles
of broilers as determined by the difference in absorbance
of CO-heme between two wavelengths were relatively
high (Pages and Planas, 1983; Niewiarowicz et al., 1986;
Enoki et al., 1988; Fleming et al., 1991). Differences in
absorbance due to turbidity of the extract might have
caused these high myoglobin levels (Goldbloom and
Brown, 1966). Myoglobin levels of various leg muscles
and the heart from adult layer hens determined by
immunodiffusion experiments were high as compared to
our results (Nishida and Nishida, 1985). The Biceps
femoris and heart of 6-wk-old-layer hens, in contrast,
showed comparable myoglobin contents (Nishida and
Nishida, 1985).
O'Brien et al. (1992b) separated the heme proteins by
precipitation with 75% (NH4)2SO4 (pH 8). They found a
high hemoglobin and a very low myoglobin content in
heart tissue of broilers (Table 3). We showed here that
myoglobin co-precipitates with hemoglobin at the am-
monium sulfate percentage used by O'Brien et al.
(1992b). As a result, the hemoglobin level might have
been overestimated, and hence, the myoglobin level
underestimated.
Relatively extensive hemorrhages such as ecchymosis
increased hemoglobin levels considerably above the
normal hemoglobin range. Due to the large variation in
hemoglobin content of muscles free from hemorrhages,
the increase of hemoglobin content induced by smaller
hemorrhages such as striae and petechiae was marginal.
Whether the hemoglobin content can be used as
parameter for hemorrhage severity remains to be
established.
In conclusion, quantification of the hemoglobin and
myoglobin content of chicken muscles, applying a
combination of spectrophotometric analysis and size-
exclusion chromatography, is accurate and reproducible.
The hemoglobin and myoglobin content in various
chicken muscles vary considerably and vary with
muscle type. The presence of extensive hemorrhages
affects the hemoglobin level of muscles.
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